INTRODUCTION
Differences among indicators used in environmental management (EM) and monitoring often represent the interests and dominant knowledge sources associated with the governance system from which they emerge. Among many approaches to carrying out EM, which employ different indicators used in setting management thresholds and measuring performance or outcomes, one dominant approach is the functional ecology approach. Drawing on Western science, and specifically population and community ecology, this reductionist approach seeks to maintain the linkages, processes, and interactions that make up an ecological system (Dufrêne and Legendre 1997, Roberge and Angelstam 2004) . Indicators used in functional ecology approaches are typically representative of certain biogeoclimatic conditions, ecosystem characteristics, or ecological processes (Caro and O'Doherty 1999, Gilby et al. 2017) . Indicator species are often selected according to criteria that can evaluate the roles that a given species plays within its community (Siddig et al. 2016) . For example, woodpeckers (Picidae) have been shown to be reliable indicators of local bird richness, as well as the overall health of forest ecosystems, because they require large patches of mature forest and are habitat engineers for other species (Martin and Eadie 1999 , Roberge and Angelstam 2004 , Drever et al. 2008 ). However, there may be many different functional ecological indicator species for a given system.
In a functional ecology approach, a short list of indicator species is typically selected from the vast number of species that comprise a system to simplify management and monitoring efforts. "Umbrella species" (Frankel and Soulé 1981 , as cited in Roberge and Angelstam 2004) and groups of umbrella species are often used. "Focal species" (Lambeck 1997) , also frequently used as indicators, are sensitive to environmental changes and have broadscale or varied habitat requirements that encompass the needs of many other species and trophic interactions in the system (Lambeck 1997, Roberge and Angelstam 2004) . For example, in the Canadian Rocky Mountains, carnivores have been proposed as useful focal species in determining ecological thresholds for EM because their individual niche characteristics and collective habitat requirements encompass those of many other cooccurring species (Carroll et al. 2001) . These and other focal species comprise a form of functional ecological indicator that is commonly used to determine conservation goals and help set thresholds for minimum habitat requirements and to monitor and evaluate EM outcomes (Noss 1990 , Roberge and Angelstam 2004 . Criteria that are often used to determine the suitability of functional ecological indicators include endemism, impact of habitat area or patch size on population viability (e.g., fecundity and survival), specificity of ecological processes that limit the distribution of individuals or populations, and conservation status (Lambeck 1997 , Caro and O'Doherty 1999 , Carignan and Villard 2002 , Coppolillo et al. 2004 ).
Ecology and Society 24(4): 21 https://www.ecologyandsociety.org/vol24/iss4/art21/ often developed by centralized management agencies (e.g., provincial, state, or federal governments) that have colonized or asserted decision-making authority over Indigenous territories, failed to accept guidance from local communities (Indigenous or non-Indigenous), and drawn on observational data that may not always be derived from the area affected by management decisions (Reed et al. 2006 , Sterling et al. 2017a . Additionally, many consider that contemporary EM has not appropriately used scientific information in a way that fosters benefits to social, cultural, and economic needs while also conserving biodiversity (Slocombe 1993 , Sutherland et al. 2004 , Turner et al. 2008 , Cook et al. 2010 , 2012 , Chan et al. 2012b , Pullin et al. 2013 . This is partly because of the omission of social and cultural values during the development of ecological indicators used in management and monitoring (Turner et al. 2008 , Chan et al. 2012a , b, Sterling et al. 2017a .
In contrast to functional ecological approaches, biocultural approaches to EM projects, and their indicator development, typically start with values important to local governments, communities, and stakeholders. Measures are developed based on in situ values (Garibaldi and Turner 2004 , Maffi 2005 , Maffi and Woodley 2012 , Cuerrier et al. 2015 , Gavin et al. 2015 , 2018 , Sterling et al. 2017a , Artelle et al. 2018 . For example, in the Western Province of the Solomon Islands a collaborative group of place-based researchers and community members are codeveloping sustainability and well-being indicators based on values, perceptions, and observations of community members resulting in indicators at various scales, e.g., habitat and species level . Biocultural approaches to EM foster human well-being and ecosystem integrity at the subregional scale, both major components of modern EM and global sustainability goals (Millennium Ecosystem Assessment 2005 , Mascarenhas et al. 2010 , Gavin et al. 2015 , 2018 , Hausmann et al. 2016 , Bennett et al. 2017 , Sterling et al. 2017a . Emphasizing their relevance and potential for governance resurgence by Indigenous nations is the acknowledgment that biocultural approaches to EM have promoted social-ecological resilience for thousands of years (Berkes et al. 2000 , Trosper 2002 , Haggan et al. 2006 , Atlas et al. 2017 , Artelle et al. 2018 . Despite this history, however, there is currently no overarching set of criteria to aid in the selection of biocultural indicators in today's complex resource management world, in which scientific approaches and tools are available and several governance arrangements often interact in managing the same landscapes, i.e., Indigenous, regional, state, federal, and international.
We offer a practical and flexible suite of criteria drawn from our experience working in Indigenous-led EM and supported by the literature on both biocultural and functional ecological approaches to indicator development that can steward desired outcomes in biocultural EM. We then show how biocultural indicators that exhibit these criteria can facilitate cross-cultural EM in complex geographies of coexistence (Howitt et al. 2013 ). As we detail subsequently, these indicators can communicate in situ management priorities and monitor and evaluate the implementation of EM. We develop this framework of criteria to help distill biocultural approaches to indicator development that foster socio-cultural resilience and well-being, while also promoting ecosystem integrity and biodiversity protection in the context of current resource extraction pressures. We illustrate these themes with a case study from Kitasoo/Xai'xais Territory in an area now also known as coastal British Columbia, Canada.
CASE STUDY
The nuances of environmental management implementation and cogovernance in the Great Bear Rainforest The Great Bear Rainforest (GBR) of British Columbia, Canada, provides a model system to understand the value of applying biocultural approaches to promote socially, culturally, and ecologically sustainable outcomes in EM. The GBR is a complex geophysical landscape of archipelagos, fjords, and mountainous terrain with a diversity of ecosystems from the hypermaritime rain forests to the drier interior montane forests. The terrestrial and freshwater environments have been enriched with marinederived nutrients dispersed by terrestrial and avian consumers, as well as Indigenous peoples from pulses of Pacific salmon (Oncorhynchus spp.), Pacific herring (Clupea pallasii), and eulachon (Thaleichthys pacificus), among other marine species, for thousands of years (Gende et al. 2002 , Brown and Brown 2009 , Fox et al. 2014 , Trant et al. 2016 . The rich forested lands in the GBR are also considered to be a globally significant biodiversity refuge and a last remaining vestige of contiguous temperate old growth forest, valued for biodiversity, tourism, carbon storage, and commercial logging (DellaSala et al. 2011, Lertzman and Mackinnon 2014) .
The geopolitical and social/cultural landscape of EM is also extremely complex. First Nations have continually occupied and actively stewarded terrestrial and marine systems in the GBR for millennia (Trosper 2002 , Haggan et al. 2006 , Brown and Brown 2009 ). Prior to European colonization, which brought smallpox epidemics and deliberate cultural genocide resulting in rapid depopulation, there were hundreds of villages and camps, seasonal and permanent, scattered along the coastline in the region (Cannon 2002) . There is a rich diversity of language groups, with distinct cultural practices and lineages, composed of different clans (Beck 2000) . Indigenous laws, hereditary leadership, and the potlatch system governed how, where, and by whom resources were used and stewarded (Trosper 2002, Brown and Brown 2009 ). Deeply rooted social and cultural ties to places, species, and interspecies relationships, as well as traditional governance systems, continue despite the impacts of colonialism Brown 2009, Artelle et al. 2018) . Although never surrendering their titles to the Crown, First Nations' land and seascapes in this region also occur within the asserted boundaries of the province of British Columbia and the nation of Canada. Ending decades of conflict regarding land use in these forests (namely, commercial logging), there has been recently legislated agreement among First Nations, the government of British Columbia, environmental nongovernmental organizations (ENGOs), and private-sector forest industry companies. However, the legal objectives established in the GBR (land use) order (hereafter LUO; British Columbia Ministry of Forests, Lands, and Natural Resource Operations 2016) remain decoupled from existing institutions and stewardship goals of some local communities.
Ecology and Society 24(4): 21 https://www.ecologyandsociety.org/vol24/iss4/art21/ The process by which indicator species were developed illustrates this disconnect. During negotiations that led to the GBR LUO, the provincial government met with First Nations, industry groups, and ENGOs to select a suite of focal species that aimed to guide management targets to protect ecological integrity and biodiversity under the guiding principles of ecosystem-based management (EBM). The principles of EBM include maintaining viable populations of native species in their current range, including the diversity of native ecotypes in protected areas; maintaining the functioning of ecological processes across scales, e.g., nutrient cycles and disturbance regimes; setting management goals at appropriate timescales (longer term); and accounting for human use, interaction, and occupancy of these areas (Grumbine 1994 , Price et al. 2009 ). The resultant focal species habitat models were developed to set landscape-scale management targets. As we explain next, these targets, however, did not adequately represent the fundamental values and processes of in situ First Nations' institutions (Price et al. 2009 , Affolderbach et al. 2012 .
Although the development of conservation targets in the GBR was officially a government-to-government negotiation between First Nations and the province of British Columbia, the balance of power was sometimes inequitable. For example, inequity was created when the province of British Columbia selected indicators that were outside of First Nations' local ecological knowledge (LEK) and Indigenous knowledge (IK). This put the two governments on very different playing fields in terms of what data they could contribute. Two such species were the Marbled Murrelet (Brachyramphus marmoratus) and the Northern Goshawk (Accipter gentilis). Both are threatened species that are associated with mature forests and large trees but are not commonly referenced in food, social, or ceremonial practices or cultural beliefs among First Nations in the region, aside from the Haida (Committee on the Status of Endangered Wildlife in Canada 2012). Although these threatened species are important ecologically, they did not resonate with First Nations' conservation priorities. Further discord was created when provincial biologists did not take into account LEK or IK in the habitat suitability models for other focal species that were culturally significant (see Service et al. [2014] for an example with grizzly bear [Ursus arctos] distributions). Many of these plans were never fully implemented because of the imbalance of knowledge sets between the province and First Nations that was created when purely functional ecological indicators were used. The only focal species that has since been fully included in the land use planning process is the grizzly bear, which is a touchstone of cultural significance for many First Nations in the region. First Nations could supply their own data sets for critical (class A and B) grizzly bear habitat, which improved the existing habitat maps developed by the team of provincial biologists and spatial analysts (Service et al. 2014 ). The opportunity for First Nations to provide their own data sets leveled the playing field in terms of information sharing, which facilitated cogovernance.
Other disparities and disconnects between decision makers are a product of an EM scenario that emphasizes economic factors, i.e., market viability of yield and productivity for future tree harvest, rather than social or cultural factors. Although the GBR LUO allows for the opportunity to incorporate cultural values into land and resource management, the regulations that make reference to schedules listing culturally significant values and species still place a higher legal protection for economic impacts. For example, "aboriginal heritage features," defined in the legislation as an "artefact, feature or site that is important to cultural practices, knowledge or heritage of a First Nation," may be altered or removed if it is "required for road access, other infrastructure, or to address a safety concern and there is no practicable alternative" (British Columbia Ministry of Forests, Lands, and Natural Resource Operations 2016:15, 26). More broadly, the chief forester at the Ministry of Forests, Lands and Natural Resource Operations still sets the allowable annual cut, i.e., the maximum total volume of wood extracted yearly, for each forest district in the region without requirement for direct or transparent negotiation with First Nations (British Columbia Ministry of Forests, Lands, and Natural Resource Operations 2016). Although by definition and colonial law there is a power asymmetry, in the current political climate some of these issues may be negotiated on a government-to-government basis. However, the bias in language used in the GBR LUO toward economic factors and the agendas of centralized colonial governments can contribute to "knowledge disconnects" during implementation that prevent positive outcomes for sustainability and well-being in situ (Howitt et al. 2013 , Sterling et al. 2017a . Such disconnects have also been referred to as "intercultural capacity deficits," a lack of knowledge, understanding, or acceptance of cross-cultural values, institutions, and worldviews that prohibits intercultural communication and/or the performance of collaborative efforts (Allenby 2006 , Turner et al. 2008 , Howitt et al. 2013 ). Intercultural capacity deficits create a major barrier to success in cogoverned EM arrangements globally (Howitt et al. 2013) .
Insights from the GBR can inform similar EM scenarios with overlapping governance structures and a diversity of worldviews. When the provincial agencies developed EM protocols, agendas, and resources that did not incorporate LEK or IK (Price et al. 2009 , Service et al. 2014 or formalize support to protect longestablished ties between social and ecological systems, they disregarded existing EM structures that have been in place for thousands of years, e.g., the potlatch system (Trosper 2002 , Turner et al. 2013 , Artelle et al. 2018 . Similar errors have occurred in many intercultural EM scenarios and are contributing to negative outcomes for biocultural resilience and biodiversity conservation globally (Maffi and Woodley 2012 , Howitt et al. 2013 , Cuerrier et al. 2015 , Sterling et al. 2017a .
DISCUSSION

Lessons from the Great Bear Rainforest and beyond
In British Columbia and abroad, some First Nations have developed or are developing values-led management plans to implement EM and bridge these gaps. Management plans provide a tool that enables in situ agencies to communicate goals and priorities across cultures to bridge knowledge disconnects. For example, in both Canada and New Zealand, First Nations have developed written management plans that are guided by Indigenous law and cultural values that have always governed stewardship practices in those territories (Borrows 2005 , Artelle et al. 2018 , Kitasoo/Xai'xais 2018 . In some cases, these management plans are considered living documents that allow for https://www.ecologyandsociety.org/vol24/iss4/art21/ continual development. The resurgence of values-led approaches to EM is helping to reinforce critical components of social and cultural well-being, such as relationships or connections to place (Artelle et al. 2018 ).
The Kitasoo/Xai'xais First Nation, among others, is implementing its own strategy for applying EM. Its goals are being developed by the community and contributing to broader goals outlined in the GBR LUO. For example, the Kitasoo/Xai'xais Stewardship Authority is conducting cultural feature inventories to learn more about the distribution and abundance of culturally significant values on the landscape in efforts to measure and mitigate impacts from forestry. The Kitasoo/Xai'xais Stewardship Authority models its program after the Haida Nation, which negotiated a different agreement with the province of British Columbia (Council of the Haida Nation 2013), to implement a biocultural approach focused on ground-based efforts to identify cultural and heritage values before they become impacted by forestry. The Kitasoo/Xai'xais Stewardship Authority has developed inventory methods and standards, inspired by those developed by the Haida Nation, to survey for and identify culturally significant values and species in addition to threatened or endangered species and ecosystems. This process on which it is embarking provides an opportunity to implement biocultural EM in the context of modern forestry and realize locally driven priorities on the ground. Drawing on our experience in this process and foundational concepts from the literature on both functional ecological and bicultural indicators, we next offer insight into designing appropriate indicators for biocultural monitoring, an important starting point for locally driven EM.
Emergent criteria to evaluate the utility of biocultural indicators
To implement management plans and actualize their benefits, appropriate indices are required to guide objectives and measure outcomes. Biocultural indicators can offer a culturally relevant and comprehensive approach for communicating values and priorities across cultures to promote social, cultural, economic, and ecological resilience (Gavin et al. 2015 , Sterling et al. 2017a ). However, the process of defining appropriate biocultural indicators has not been extensively developed (Sterling et al. 2017a ). There are many methods for developing indicators that involve community input, e.g., surveys, interviews, and focus groups; however, there are few resources available that can help guide this selection process to filter appropriate indicators. These criteria provide a way to distill locally relevant indicators and empower local communities to protect in situ values before they are damaged. Although the selection of biocultural indicators is necessarily place dependent, common themes can be derived from literature on biocultural diversity conservation. The set of criteria we propose in Figure 1 is intended to guide the selection process of indicators that represent local values, facilitate cross-scale linkages, and provide effective measures to evaluate biocultural EM outcomes.
To refine these themes into criteria, we used an inductive approach to identify the criteria in Figure 1 , which emerged as foundational concepts from our experience working in Indigenous-led (in our case, the Kitasoo/Xai'xais First Nation) biocultural stewardship. These criteria reflect key concepts that enabled progress in a highly contentious and complex governance process. We acknowledge that these criteria emerged from our experience working with one First Nation among thousands. We note that the process in other parts of the world where different governments have asserted competing claims on Indigenous peoples' lands and waters will likely be different, perhaps radically, than that experienced by the Kitasoo/Xai'xais First Nation. Complementing our personal interactions, which stem from many years working with and in the service of the Kitasoo/Xai'xais, we also searched the biocultural and functional ecological indicators literature to ascertain if (and if so, how) these concepts have been applied more broadly. We illustrate subsequently how all of these criteria reflect core components of an Indigenous EM paradigm in which the Kitasoo/Xai'xais also mobilized Western knowledge paradigms to implement biocultural EM. Biocultural EM is place based, and therefore, we offer these criteria as a synthesis of the concepts that enabled the implementation of biocultural EM in Kitasoo/Xai'xais Territory. However, we suggest their relevance as a tool to reduce conflict and guide collaborative conservation outcomes in other geographies of coexistence, particularly where Western science approaches to stewardship historically or currently overlap spatially with IK-based approaches. We recognize that purely IKbased EM approaches may differ widely from the approach taken by the Kitasoo/Xai'xais. It is also critical to recognize that a fundamental component of our case study is that it was Indigenous led. Knowledge integration has been and can be a damaging process when led by ex situ agencies because of the political nature of EM and power asymmetries (Nadasdy 1999 (Nadasdy , 2003 . Ex situ agencies, e.g., colonial governments, have a history Ecology and Society 24(4): 21 https://www.ecologyandsociety.org/vol24/iss4/art21/ of ascribing unequal value to different knowledge sources or attempting to conform other knowledge sources to fit a Western science lens, which can further remove decision-making power from in situ agencies (Nadasdy 1999, Bohensky and Maru 2011) . Therefore, it is paramount that context, politics, and decisionmaking power are deeply considered prior to developing biocultural indicators in-line with these criteria (Nadasdy 2003 , Howlett et al. 2009 , Takeda and Røpke 2010 , Bohensky and Maru 2011 , Moore and Tjornbo 2012 . In Canada and other commonwealth nations, biocultural indicators developed in-line with these criteria may offer an opportunity for engagement around reconciliation if colonial government involvement is permitted by Indigenous nations and if the process is Indigenous led.
In the GBR, there was conflict from the start of negotiations because the process of developing indicators and conservation targets was led by ex situ agencies, i.e., the province of British Columbia, forestry companies, and ENGOs. Meanwhile, First Nations in the region were continuously monitoring other biocultural indicators, e.g., herring, salmon, eulachon, and grizzly bears. The example of the grizzly bear as being the only indicator species to be coimplemented successfully by First Nations and the province of British Columbia illustrates (1) how vital it was for conservation outcomes that the process was locally led and (2) how the following criteria could have guided the province (and other agencies) to engage in a manner that supported local priorities and existing institutions. With this in mind, the following criteria offer a means to communicate priorities between in situ and ex situ actors and outline how the process of indicator development can and should be locally led. The conceptual framework that these criteria create is not prescriptive or intended to be a step-by-step approach but instead is offered to provide conceptual guidance while recognizing that processes will develop differently in different territories. Robust biocultural indicators may fully realize all six criteria; however, it is likely that all six criteria will not apply everywhere. Because our criteria emerged from our case study, in which the Kitasoo/Xai'xais led a biocultural approach to EM that drew on both IK paradigms and Western science paradigms, some criteria may not be applicable in purely IK-driven biocultural EM. We also acknowledge that none of us are Indigenous and that our backgrounds are in Western science, which might bias our understanding of this complex governance environment. The criteria we have presented do not speak for any Indigenous nation but instead reflect themes that are clearly defined by the Kitasoo/ Xai'xais as priority values that guide their approach to EM and have been shown to improve EM and enable cogovernance when ex situ agencies are willing to accept them. Although this article and the criteria were born out of collaboration with the Kitasoo/ Xai'xais Stewardship Authority, we do not represent the Kitasoo/ Xai'xais Nation or any other First Nation.
Cultural saliency
Cultural saliency provides a necessary starting point to biocultural indicators. Such saliency is a common theme in biocultural diversity projects (Maffi and Woodley 2012) and is central to the concepts of cultural keystone species (Garibaldi and Turner 2004) and cultural keystone places (Cuerrier et al. 2015) . Garibaldi and Turner (2004) and Cuerrier et al. (2015) define elements of cultural influence that may form the best available definition of cultural saliency. Those elements include the extent of use in food, social, symbolic, or ceremonial practices; use as a seasonal indicator; persistence in comparison to cultural change; and the resistance to substitution or replacement (Garibaldi and Turner 2004 ). An example of a culturally salient species in the GBR is the grizzly bear, a species that is entrenched in cultural practices for a number of coastal First Nations in British Columbia (Housty et al. 2014 , Artelle et al. 2018 ). Practices such as stories and ceremony reinforce concepts of relatedness, respect, and reciprocity between humans and grizzly bears in these systems (Housty et al. 2014 , Artelle et al. 2018 ). These practices strengthen social-ecological relationships and the resilience of human-bear systems Slocombe 2009, Artelle et al. 2018 ).
Supportive of place-based relationships
Biocultural indicators should also protect features that establish provenance of occupation or use and protect values that reinforce place-based relationships, such as archaeological sites (Sterling et al. 2017a) . Much land in the GBR, as well as other regions of the world, has never been formally ceded by Indigenous nations. Frequently, if a nation were to pursue land claims through the Canadian courts system, it needed extensive evidence of occupation or use. Archaeological sites such as culturally modified trees (e.g., Fig. 2) , as well as middens, pictographs, petroglyphs, or habitation sites, and so forth, are often the only remaining visible/tangible evidence of human presence on the landscape above the soil surface (Oliver 2007 , Earnshaw 2017 ). These physical markers may also indicate sacred or important places and spiritual or social-ecological interactions, which can contribute significantly to local identity and sense of place (Östlund et al. 2002 , Stedman 2003 , Oliver 2007 , Harwood and Ruuska 2013 , Cuerrier et al. 2015 . Less tangible markers such as place-based names and stories may indicate a strong connection to place, which can also be sensitive to impacts from management practices (Kaltenborn 1998 , Williams and Stewart 1998 , Hausmann et al. 2016 ). Ecology and Society 24(4): 21 https://www.ecologyandsociety.org/vol24/iss4/art21/ Linked to human well-being Indicators should also have a strong positive impact on human well-being, which can often be linked to ecosystem health and the functioning of ecological processes (Sterling et al. 2017a) . A positive impact on human well-being can be realized in many different forms (Chan et al. 2012a ). For example, some indicators may foster connections to place or in other cases bring about financial or nutritional benefit. Species and values that both contribute to economic opportunities and are strongly linked to identity or cultural/spiritual fulfillment can be robust biocultural indicators. For example, seagrass (e.g., Zostera spp.) is considered to be a fundamental contributor to human well-being in coastal systems around the world because of the cultural services and ecosystem services various seagrass species provide (Cullen-Unsworth et al. 2014). By providing foundational habitat structure, seagrass meadows can be direct sources of food, medicine, or economic security and are strongly linked to a lifestyle or culture that is coupled to spiritual fulfillment (Cullen-Unsworth et al. 2014) .
Inclusive
Biocultural indicators should also be inclusive, i.e., representative of a multitude of ecological and cultural values/relationships. Inclusiveness in the biocultural indicator development context encourages the colocation of content, e.g., critical ecosystem and cultural system components, with context, e.g., human relationships to place and ecological connectivity/integrity/ diversity (Dale and Beyeler 2001 , Lertzman and Mackinnon 2014 , Ens et al. 2016 ). Through promoting overlapping or intertwining values, inclusive biocultural indicators may compound the effectiveness of stewardship objectives and present more holistic measures of success (Gavin et. al 2015 , Sterling et al. 2017b ). This criterion not only builds on the idea of using umbrella species, but also incorporates less tangible components of socialecological systems. An example from the GBR of a species that is strongly inclusive is the western redcedar (Thuja plicata), which has been considered a cultural keystone species of Pacific Northwest First Peoples (Garibaldi and Turner 2004) . Cultural uses of western redcedar trees require specific morphological characteristics, which are associated with different stand structures. For example, stands of trees that contain characteristics such as a large diameter, straight grain, and sound bole may be considered "monumental trees" that are suitable for cultural practices such as canoe building, totem carving, or mask carving (Council of the Haida Nation 2013, British Columbia Ministry of Forests, Lands, and Natural Resource Operations 2016, Sutherland et al. 2016 , Benner et al. 2019 ). Because of the structural complexity in stands containing monumental cedar, these stands also provide valuable habitat for many other species, as well as gene and carbon stores (DellaSalla et al. 2011 , Lertzman and Mackinnon 2014 , Sutherland et al. 2016 . In some cases, these stands may also contain culturally modified trees that provide archaeological evidence of historic occupation and land use in addition to a direct connection between community members alive today and their ancestors (Cuerrier et al. 2015 , Earnshaw 2017 , Benner et al. 2019 . These characteristics of western redcedar make for an indicator that exemplifies the pairing of content (habitat and valuable materials) and context (cultural ties to place).
Sensitive to impacts
Indicators should be sensitive to management impacts. In other words, the biocultural indicator must be demonstrably affected by impacts to ecological processes that are directly linked to management practices (Lindenmeyer et al. 2000 , Dale and Beyeler 2001 , De Groot et al. 2010 , Siddig et al. 2016 . This requires that given biocultural indicators are strongly correlated or causal to specific ecological processes or that they themselves are the targets of extractive industries. In a best-case scenario, there would be little lag time between anthropogenic disturbance, e.g., land use practice or pollution, and perceptible effect (Dale and Beyeler 2001) . This requires the appropriate matching of temporal and spatial scale between the selected indicator, potential impacts, and desired management goals (Niemi and McDonald 2004) . A species that responds to impacts through a lagged effect on ecological processes because of a spatial or temporal mismatch may indicate a significant decline in ecosystem function only after it is too late to change management practices. For example, Marbled Murrelets on the central and north coast of British Columbia are not a robust EM indicator because it may exhibit heterogeneous nesting ecology in these mountainous regions, relying not only on old growth trees (subject to logging) but also cliffs and talus slopes (not at risk) for nesting locations (Barbaree et al. 2014) . Additionally, murrelet habitat is partitioned between terrestrial nesting habitat and oceanic foraging habitat, which has made measuring impacts from terrestrial land management (e.g., nesting habitat loss and fragmentation) difficult to interpret, although it is clear that this species is impacted by cumulative effects (Committee on the Status of Endangered Wildlife in Canada 2012).
Perceptible
As the sociologist William Bruce Cameron (1963:13) reminded us, "Not everything that counts can be counted, and not everything that can be counted, counts." Some cultural values may be impossible to measure through the quantitative approaches of Western science, but this quality should not exclude them from monitoring efforts (Satterfield et al. 2013 ). Other approaches have long guided Indigenous peoples, and there is little reason why such long-held practices should cease (Berkes et al. 2000 , Moller et al. 2004 , Haggan et al. 2006 , Ens et al. 2015 , 2016 , Waller and Reo 2018 . Biocultural indicators can be measured through quantitative or qualitative approaches or a mixture of the two and draw from diverse methodologies. For instance, the collective long-term observations of the decline of Dungeness crabs (Cancer magister) by First Nations fishers in coastal British Columbia, as well as Indigenous-led empirical studies and the application of Indigenous law, led to closures of a commercial fishery and rapid recovery of Dungeness crabs in the region (Frid et al. 2016) . Biocultural indicators should be relatively easy to monitor continuously or routinely over long periods of time (Dale and Beyeler 2001, De Groot et al. 2010) . Despite being frequently chosen as umbrella species, rare or cryptic species may not be readily measurable and thus do not make robust biocultural EM indicators, unless there are reliable methods that have been developed to efficiently and accurately detect and monitor them. For example, eDNA (environmental DNA) is an emerging technology that may make surveying for some rare and cryptic species more feasible and reliable (see Mächler et al. [2014] for an example of rare macroinvertebrates).
Ecology and Society 24(4): 21 https://www.ecologyandsociety.org/vol24/iss4/art21/ Perceptibility or measurability should also not be confined to estimates of abundance. For instance, quality or similar characteristics of indicators can be assessed over time. Eckert et al. (2018) described how Indigenous fishers experienced declines in the size of rockfish (Sebastes spp.) over several decades of commercial and recreational overexploitation in coastal British Columbia.
CHALLENGES
As EM planning and policy continue to adapt and change to facilitate sustainable outcomes for social-ecological systems, there remain major challenges to the implementation of these policies. As a result, many EM projects get stalled in the implementation stage, arguably the most important component of the EM process. Although each EM scenario is unique and requires a custom implementation plan, there are some common barriers that emerge in the literature and from our experience working in locally led EM. We outline subsequently some of these barriers and potential solutions to overcome these pressing challenges.
Urgency matters
The number of indicators required to adequately inform and monitor biocultural EM is place dependent and time dependent. Urgency increases as systems become more degraded (Dahl 2012) . There is added urgency to develop and implement biocultural indicators, which are underrepresented in sustainability indicators globally (Dahl 2012) . In systems where management impacts have the potential to affect nonrenewable values, such as cultural heritage, there is a need for indicators that can be assessed rapidly and accurately to inform EM (United Nations Educational, Scientific, and Cultural Organization 2003 , Cuerrier et al. 2015 , Sterling et al. 2017a . For example, a long history of commercial logging in coastal British Columbia that has targeted high-quality cedar has precipitated a decline of both monumental cedar and culturally modified trees (Guujaaw 1999 , Turner et al. 2009 , British Columbia Ministry of Natural Resource Operations and Ministry of Forests, Mines and Lands 2011, Earnshaw 2017 , Benner et al. 2019 .
Different scales of time, space, and institutions matter
In addition to the urgency in many systems, there is a need to understand better the local effects of longer term ecological processes that are a product of both local and global impacts. The impacts to some cultural values may be compounded by shortterm and longer term environmental change, as well as local and global drivers of change such as land use practices and pollution (Sterling et al. 2017a . For example, yellowcedar (Cupressus nootkatensis), another culturally significant tree species, is a target of commercial logging because of its high market value; it is also susceptible to declines from climate change (Krapek and Buma 2015 , Oakes et al. 2015 , Oakes 2018 . Concordantly, there is a need for indicators that provide information to inform EM and monitor long-term impacts. In some cases, one indicator may be able to achieve both goals (Dale and Beyeler 2001) . Growing evidence suggests that by fostering a locally led or guided approach, robust biocultural indicators may provide a hub on which cross-scale linkages can be made and where in situ and ex situ agencies can engage to improve the outcomes of EM for social-ecological systems (Sterling et al. 2017a .
Resources available for monitoring
Given that scale is a major factor in determining how different indicators may affect EM, there is value in categorizing issues that may be affected by changes at different rates. Given that monitoring is expensive, triage might be necessary. Additionally, threatened biocultural indicators may require resources for monitoring more immediately. For example, Pacific salmon are subject to cumulative effects from overharvesting, climate change, and terrestrial land use practices and have recently become a priority for increased monitoring resources in British Columbia (Price et al. 2008 , 2017 , Department of Fisheries and Oceans Canada 2019 . One strategy is to build processes to monitor indicators that are already in place and have good baseline data. It is also much easier for local agencies to monitor species with which they are already engaged, e.g., taking fin clips for genetic stock assessment while harvesting salmon. However, long-term monitoring requires long-term financial and political commitments, which can be incongruous with short political cycles.
One solution to this wicked problem may be to look to and support Indigenous governance systems and institutions that have upheld long-term stewardship goals over millennia (Trosper 2002 , Artelle et al. 2018 . Systems such as hereditary leadership and the clan-based tenure system have long guided stewardship goals through the generations (Trosper 2002 , Brown and Brown 2009 , Salomon et al. 2015 . Hereditary leaders are entrusted to placebased decision-making power for life to uphold Indigenous law and manage their allotted territories. This type of leadership is also evidence based, whereby leaders have to publicly demonstrate the continued productivity of their lands and waters or risk losing their title or rank (Trosper 2002 , Salomon et al. 2015 . This accountability to the public reinforces the values-driven management of resources for sustainable harvest (Trosper 2002 , Brown and Brown 2009 , Salomon et al. 2015 . In the context of cogovernance, Gavin et al. (2015) also advocate for a focus on relationship building and partnerships to increase institutional diversity and capacity where the rights of all parties are fully understood, upheld, and respected. We suggest that if these approaches are locally led, then institutional diversity may also increase the resilience in these systems to waxing and waning support from short-term colonial (democratic) cycles of elections and governments.
How many indicators?
The number of indicators required to achieve desired outcomes in biocultural EM will vary as a function of system dynamics, scale, and project scope. All indicators that meet the aforementioned criteria should be considered in biocultural EM. However, fewer indicators that are highly inclusive and can capture the fundamental interactions, from drivers of change to impacts on biocultural values, may be more effective than many indicators with narrow scope (Landres et al. 1988 , Levett 1998 , Hagan and Whitman 2006 , Tallis et al. 2010 . Fewer are generally better; every new indicator brings the need to measure and monitor, which can be costly and time consuming. Prohibitive complexity can become an implementation issue if there are too many indicators to monitor (Tallis et al. 2010) .
Considering that fewer highly inclusive indicators may facilitate desired outcomes in EM better than many less inclusive indicators, Ecology and Society 24(4): 21 https://www.ecologyandsociety.org/vol24/iss4/art21/ it could be argued, especially if monitoring resources are constraining, that indicators with strong links to cascading effects should be given priority. Cascading effects not only alter complex trophic interactions but also deeply impact local communities. For example, both the initial collapse of sea otters (Enhydra lutris) because of overharvest from the fur trade on the Pacific Coast and the subsequent reintroduction of sea otters, in conjunction with colonial mismanagement of shellfish fisheries, into areas where they were extirpated have caused negative impacts to Indigenous communities (Estes and Palmisano 1974, Salomon et al. 2015) . Such linkages and indirect effects can be extremely difficult to manage. However, shifting toward precautionary management practices guided by biocultural indicators in industries that have known impacts on socially and culturally significant species and relationships, e.g., reducing the high percentage of bycatch of eulachon in the shrimp (Pandalus spp.) trawl fishery, could be one strategy to mitigate these less visible impacts. Supporting resurgent management practices, in some cases that are based on reciprocity, could be another strategy to build resilience in complex social-ecological systems (Salomon et al. 2015 , Artelle et al. 2018 .
A ROBUST BIOCULTURAL INDICATOR
Sense of place
One example of a biocultural indicator that can satisfy all six of the criteria is sense of place. Sense of place can be a vital component of cultural identity and well-being, as well as an encompassing indicator of social or cultural resilience for placebased cultures (Cheng et al. 2003 , Bennett et al. 2017 . Sense of place is built on the perceptions of in situ peoples, and therefore, numerous methodologies exist to evaluate those perceptions. For example, qualitative methods and Indigenous methodologies offer approaches to incorporate such seemingly intangible indicators in EM. Where the standard functional ecological tool kit may guide managers to focus on quantitative measures of biomass or a rare ecotype to set management targets, the evaluation of local peoples' perceptions can accurately assess the impacts that a given activity has on peoples' sense of place (Stedman 2003 , Rogan et al. 2005 , Fry et al. 2009 , Bennett 2016 , Caillon et al. 2017 ). In a cogovernance or Indigenous-led land use decision-making process, evaluating and respecting the perceptions of local people can be a method to prevent desecration of culturally salient spaces and place-based relationships and can provide an opportunity to strengthen relationships among communities, governments, and industry operators (Sterling et al. 2017a ). Sense of place can be a highly inclusive indicator, encapsulating both social and cultural values/ relationships, as well as habitat and ecological relationships (Cheng et al. 2003) . Considering how sense of place performs when evaluated against the six criteria, i.e., culturally salient, supportive of place-based relationships, inclusive, sensitive to impacts, perceptible, and linked to human well-being, it has the potential to be a robust biocultural indicator.
In addition to likely encapsulating the six criteria, sense of place can also illustrate how the criteria may be flexible for a variety of methodologies and ways of knowing. Perceptions, with a special focus on how they can monitor change over time as a function of proposed or tangible changes to the environment, can identify precautionary thresholds for sense of place, as well as other biocultural indicators, or inform management action in relation to longer term processes for which other data sources are lacking, such as climate change (Johannes 1998 , Moller et al. 2004 , Leonard et al. 2013 , Sterling et al. 2017a . Apart from the perceptions of local peoples, there are other methods of monitoring change or impacts to sense of place. For example, analytical tools and observational data may help identify, define, reinforce, and communicate the boundaries of finer scale culturally significant areas that may or may not be currently known to local communities. For example, if historical evidence of occupation and resource use is a value important to a First Nations community, then culturally modified trees and groups of culturally modified trees may themselves constitute culturally salient spaces (e.g., Fig. 2 ; Harwood and Ruuska 2013 , Cuerrier et al. 2015 , Earnshaw 2017 . Other methods such as "values mapping" can communicate existing relationships between people and place (McLain et al. 2013) . Participatory approaches to values mapping have been used to identify and define "special places" for consideration in resource management decision making on the Olympic Peninsula in Washington State (Cerveny et al. 2017) . These examples show a variety of approaches to monitoring sense of place; we suggest that a key factor in the success of these approaches and others is that the process is locally led.
In addition to accommodating different methodologies and ways of knowing, sense of place can further illustrate how challenges of scale can be considered and ideally overcome. For example, in cultural landscapes there may be cultural keystone places at a variety of scales, e.g., important mountains, valleys, bays, estuaries, caves, stands/groves, village sites, individual petroglyphs, or trees. In some cases, these places can be cumulative, i.e., the sum of nearby places and the space in between can contribute to a sense of place (Cuerrier et al. 2015 , Lepofsky et al. 2017 . For example, the Whanganui River in New Zealand plays an important role in the culture of various Mâori groups and was recently attributed legal status to personhood by the parliamentary government of New Zealand (Parliamentary Counsel Office, New Zealand Legislation 2016). The legal designation attributes personhood not only to the river itself, but also as "an indivisible and living whole, comprising the Whanganui River from the mountains to the sea, incorporating all its physical and metaphysical elements" (Parliamentary Counsel Office, New Zealand Legislation 2016, section 1.2, as cited in Caillon et al. 2017) . Sense of place can be multifaceted, incorporating a variety of different typologies of values, e.g., biological, recreational, historical, future, spiritual, aesthetic, economic, and cultural, among others, or defined by one key value Reed 2000, Cerveny et al. 2017) . This flexibility enables a custom and local approach to address the relevant priorities of communities in biocultural EM.
LIMITATIONS
The goal of our synthesis was to bring together key themes that have emerged during our collective years working in locally led and Indigenous-led EM. We used an inductive approach because many of the six criteria we have presented have been clearly defined and used by some First Nations in the area now referred to as the GBR. These criteria took shape through Indigenous laws and EM and monitoring practice, e.g., management plans and applied stewardship. Although the criteria we have presented emerged from our experience working with one First Nation https://www.ecologyandsociety.org/vol24/iss4/art21/ among thousands globally, we have demonstrated how these criteria are flexible enough to apply outside of the GBR. Indeed, the criteria we offer also align with those detected in our informal review of related biocultural and functional ecology EM literature. We note, however, that each EM scenario should be treated as unique and that other locally led or Indigenous-led approaches may seek to develop their own criteria and indicators based on their own terms.
CONCLUSION
Increasing global resource demands create new challenges in designing management approaches that can provide sustainable and socially just outcomes in EM. One aspect that can address some problems that are common in cogovernance or resurgent EM arrangements is to support the development of indicators that acknowledge, represent, and uphold local values and relationships to the land. Applying a biocultural approach to indicator selection in cross-cultural EM provides a more inclusive option for stewarding both biological and socio-cultural diversity in comparison with purely ecological indicators and can bridge knowledge gaps in intercultural EM systems to facilitate cogovernance (Maffi 2005 , Howitt et al. 2013 , Service et al. 2014 , Sterling et al. 2017a . By proposing a suite of six potential criteria that emerged from our case study and are supported by a diverse body of literature, we suggest characteristics that contribute to the utility and effectiveness of potential indicators in highly complex social-ecological systems. The set of criteria we developed may offer a tool to distill and communicate local priorities and promote stewardship outcomes that support biocultural resilience. These criteria should be considered a starting point for discourse around developing locally relevant indicators in a wide range of cross-cultural governance scenarios.
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